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1
INJECTION DEVICE HAVING REDUCED
PRESSURE OSCILLATIONS

FIELD OF THE INVENTION

The present invention relates to an injection device having
reduced pressure oscillations during the injection process.

BACKGROUND INFORMATION

Injection devices in diversified embodiments are under-
stood to be in the related art. Such injection devices have a
valve element that is able to be operated by an actuator, e.g. a
valve needle, which opens an injection hole for an injection
and closes it again after the injection. Based on the pressure
oscillations in the fuel, occurring in the process, inaccuracies
may come about in fuel metering, and undesired noises may
appear in addition. The fuel begins to flow out when the valve
is opened, so that the pressure in the vicinity of the valve seat
drops off. Since the remaining fuel quantity, that is located in
the injection device, is first of all still at rest at a higher
pressure level, this pressure breakdown continues in the form
of a pressure wave upstream, through the fuel supply path.
This pressure wave is reflected at cross sectional change
locations or projections, and a pressure wave system develops
within the valve.

Consequently, based on these pressure oscillations, the
pressure gradient between the valve seat and the surround-
ings, e.g. the intake manifold or the combustion chamber,
changes as well, as a function of time. In the case of a fully
opened valve this leads to an injection rate that is not constant
over time, which impairs the metering accuracy. Further-
more, the pressure oscillations may also have a disadvanta-
geous effect on the geometry of the fuel spray, as well as the
diameter of the drops in the spray. In addition, based on the
pressure fluctuations in the fuel spray, richer and leaner zones
may be created, whereby the combustion and also the exhaust
gas behavior may be impaired. Besides the problems with the
metering accuracy, the pressure oscillations also lead to
undesired noises, and may cause damage to the components,
in the long run. From all this, it would be desirable to have an
injection device that had the highest requirement on metering
accuracy and behavior with respect to noise.

SUMMARY OF THE INVENTION

By contrast the injection device according to the exemplary
embodiments and/or exemplary methods of the present
invention, for injecting a medium having the features
described herein, has the advantage that undesired pressure
waves in the system are damped to the greatest extent, so that
no disadvantageous effects on metering accuracy occur, and
no undesired development of noise takes place. Conse-
quently, according to the exemplary embodiments and/or
exemplary methods of the present invention, fluctuations in
the injection rate and undesired changes with time in the spray
geometry may be avoided during injection. This is achieved,
according to the exemplary embodiments and/or exemplary
methods of the present invention, in that the injection device
has a throttle, the distance of the throttle from an injection
hole of the injection device along a medium path having a
length that corresponds to the wavelength of a natural fre-
quency of the injection device.

Consequently, according to the exemplary embodiments
and/or exemplary methods of the present invention, a natural
frequency of the injection device is determined, and then the
throttle is positioned in the medium path in such a way that the
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distance of the throttle from the spray orifice is equivalent to
the wavelength of the natural frequency. An excellent damp-
ing can be achieved by this, so that the pressure waves created
when the injection device is opened have no negative effects,
particularly with respect to metering accuracy and noise
emission.

The further developments of the present invention are also
described herein.

In an especially particular manner, the throttle is situated in
the injection device. In this connection, the construction of
the injection device is so that the injection device has a natural
frequency so that the throttle is able to be positioned in the
injection device.

In order to make possible as simple a manufacturability as
possible, the throttle is provided as a separate component.

According to one alternative embodiment of the present
invention, the throttle is integrated into a component of the
medium path, for instance, a housing component. The num-
ber of components may thereby be reduced.

Furthermore, the throttle may be configured so that it has a
ratio of length to passage diameter LID 0f0.01 to 100, 1 to 5,
and especially 2 to 3. The passage diameter, in this instance,
is the minimum passage cross section of the throttle. Excel-
lent damping is achievable especially when the ratio of length
to passage diameter is between 2 and 3.

In a further manner, the throttle is developed symmetrically
to a center axis and or symmetrically to a plane perpendicular
to the center axis. This geometrical form also provides great
damping.

In a further manner, the throttle has a wide bevel at the
inflow end and the outflow end. Thereby a favorable flow
through the throttle is able to be achieved. Particularly, the
bevels at the inflow end and the outflow end are developed
conically and, further, equally.

In order to have the fewest possible rapid changes in cross
section, the medium supply path may be configured essen-
tially as a straight line between the spray orifice and the
throttle. According to the exemplary embodiments and/or
exemplary methods of the present invention, by the expres-
sion “essentially as a straight line” one should understand a
medium path whose direction of flow does not change or
changes only slightly. Thus, the medium path has no large
flow diversions. In the case of this form as a straight line, as
much as possible, of the medium supply path between the
spray orifice and the throttle, excellent damping may be
achieved.

The injection device according to the present invention
may be used for various applications, such as direct injection
or channel injection. Furthermore, the injection device
according to the present invention is also independent of the
medium, and may be applied both for Diesel and gasoline or
in exhaust gas aftertreatment, e.g. additional water injection
for NO, reduction in large Diesels, etc. In addition, the shape
of the valve element of the injection device may be freely
selected, and is, for instance, a valve needle or a valve ball.

An exemplary embodiment of the present invention is
described in detail below, with reference to the accompanying
drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a schematic representation of an injection
device according to an exemplary embodiment of the present
invention.

FIG. 2 shows a schematic sectional view of a throttle of the
injection device of FIG. 1.
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DETAILED DESCRIPTION

With reference to FIGS. 1to 2, an injection device 1 for fuel
injection according to an exemplary embodiment of the
present invention is described in detail below.

As may be seen in FIG. 1, injection device 1 includes an
injector 5 (injection valve) which is connected to a pump 7 via
arail 6. A continuous fuel path 2 is provided from the pump
to a spray orifice on injector 5. When the valve is open, a spray
8 exits from spray orifice 3. Moreover, injection device 1
includes a throttle 4, which is situated in fuel path 2.

In this context, throttle 4 is positioned at a position in the
fuel path which corresponds to the wavelength of a natural
frequency of injection device 1. The distance from spray
orifice 3 to throttle 4 is shown in FIG. 1 by reference numeral
9. Thus, to determine the position of the throttle, natural
frequency the entire injection device 1 is first determined, and
its wavelength is ascertained. Then throttle 4 is positioned in
the fuel path at a position which corresponds to the wave-
length of the natural frequency.

By doing this, oscillations created by opening spray orifice
3 are able to be damped effectively. In this exemplary embodi-
ment, throttle 4 is situated in injector 5. However, as a func-
tion of the natural frequency of injection device 1, throttle 4
could also be situated at a position outside the injector, for
instance, in rail 6. In the determination of the natural fre-
quency of injection device 1, an operating state of the injec-
tion device is selected which corresponds to the later condi-
tions of use. If, for example, the injection device is to be used
for a Diesel vehicle, a standardized Diesel fuel is used and a
temperature customary during operation is established, and
then the natural frequency of the injection device is deter-
mined at this temperature. By doing this, the state close to the
operation of the injection device is simulated in determining
the natural frequency, so that the throttle may be situated at
the correct position in fuel supply path 2. Thus, the position-
ing of the throttle is carried out in each case separately for
various fuel types and also for various application purposes,
that is, for different vehicle types. In order to be able to use as
much as possible a standardized injector, the throttle may be
situated in the injector in such a way that is position is easily
changeable, and can then be fixed at the correct position. This
may be done, for instance, by providing a sleeve in which the
throttle is situated displaceably. When the throttle is then
situated at the appropriate position, it may be fixed, for
example, by welding.

FIG. 2 shows a sectional view of throttle 4. In this exem-
plary embodiment, throttle 4 is developed both symmetrically
to a center axis X-X and symmetrically to a plane E, which is
perpendicular to center axis X-X. The arrows in FIG. 2 indi-
cate the flow-through direction, in this context. In this
instance, both at the inflow end and at the outflow end a wide
bevel 10 and 11 are developed, which make possible a favor-
able flow-through of throttle 4. Bevels 10, 11 are developed to
be conical in this context, and have the same geometry.

Consequently, according to the exemplary embodiments
and/or exemplary methods of the present invention, theidea is
taken up, for the first time, of undertaking the positioning the
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throttle as a function of the natural frequency of the system.
Surprisingly, excellent damping properties come about from
this idea, so that the injection devices according to the present
invention achieve superb operating results with respect to
metering accuracy and behavior with respect to noise, at only
slight additional expenditure.

What is claimed is:

1. An injection device for injecting a medium, comprising:

a medium supply path, through which a medium is able to

be supplied;

an injector having a spray orifice, from which the supplied

medium is sprayed out;

a valve element, which is movable using an actuator, to

open the spray orifice and to close it; and

a throttle situated in the medium supply path;

wherein a distance of the throttle from the spray orifice

along the medium supply path has a length which is
equivalent to a wavelength of a natural frequency of the
injection device.

2. The injection device of claim 1, wherein the throttle is
situated in the injector.

3. The injection device of claim 1, wherein the throttle is a
separate component.

4. The injection device of claim 1, wherein the throttle is
integrated into a component of the medium path.

5. The injection device of claim 1, wherein the throttle has
aratio of length to a passage diameter, which is between 0.01
to 100.

6. The injection device of claim 1, wherein the throttle is
developed symmetrically to at least one of a center axis and a
plane that is perpendicular to the center axis.

7. The injection device of claim 1, wherein at one inflow
end and at one outflow end the throttle has a wide bevel.

8. The injection device of claim 1, wherein the medium
supply path runs essentially as a straight line between the
spray orifice and the throttle.

9. An injection device for injecting fuel or water for exhaust
gas aftertreatment, comprising:

at least one of a fuel supply path and a water supply path,

through which at least one of a fuel and water is able to
be supplied;

aninjector having a spray orifice, from which at least one of

the supplied fuel and the supplied water is sprayed out;

a valve element, which is movable using an actuator, to

open the spray orifice and to close it; and

athrottle situated in at least one of the fuel supply path and

the water supply path;

wherein a distance of the throttle from the spray orifice

along at least one of the fuel supply path and the water
supply path has a length which is equivalent to a wave-
length of a natural frequency of the injection device.

10. The injection device of claim 1, wherein the throttle has
a ratio of length to a passage diameter, which is between 1 to
5.

11. The injection device of claim 1, wherein the throttle has
aratio of length to a passage diameter, which is between 2 and
3.



